HYDROLOG I C- I NFORMATION NEEDS FOR OIL-SHALE
DEVELOPMENT, NORTHWESTERN COLORADO

Compiled by 0. James Taylor

U.S. GEOLOGICAL SURVEY

Water-Resources Investigations Report 82-4076

Lakewood, Colorado

1982




UNITED STATES DEPARTMENT OF THE INTERIOR

JAMES G. WATT, Secretary

GEOLOGICAL SURVEY

Dallas L. Peck, Director

For additional information
write to:

District Chief

U.S. Geological Survey
Box 25046, Mail Stop 415
Denver Federal Center
Lakewood, CO 80225

Co

Op|

pies of this report can be
purchased from:

n-File Services Section

Western Distribution Branch
U.S. Geological Survey

B
La

25425, Denver Federal Center
ewood, CO 80225

(Telephone: [303] 234-5888)




CONTENTS

Page

GloSSary===-= === e e e e e e emmmo e ——eee vi
Abstract======== == e e e e e e e e e s —e e 1
Introduction, by 0. James Taylor---======-====------m-cemceecmccccoc oo cm oo o 2
PUrpOSE===r === === e e e e e e e e e e e e e — s —m—e—— 2
Design of hydrologic studies--====----==-ccc-cccccc e mccccemcnneae 2
Previous hydrologic investigations--==-==-===--c---c-cccrcoccccommoomoono—- 3
Location and extent of the Piceance basin--=-=======ccmcocemmmcmmmcoooo L
Geologic setting of the Piceance basin------=-------er-occecmommocmeooomn b
Hydrologic setting of the Piceance basin--=--=--=-----=-coc-coccmmo—coo- b
Water for oil-shale development, by G. A. Miller and Vernon W. Norman-------- 14
CUrrent USE========m = e e 14
Projected USe=========- == - e e s memem oo eee 14
Water supplies-====-===-=-omcmc e e e e e m e e 17
Water management==-====== === == s e e e s oo oo 19
Test-well drilling and logging, by Frank A. Welder------=-===c-ccmcccccocom=- 22
Valley-fill alluvium=--=====c-omm oo oo m e oo o memem e m oo oo o 22
Uinta and Green River Formations-----======c----ccccceommcaommcem oo 22
Paleozoic and Mesozoic Formations-----=-====-==cc=-ooococommomoooooooonn 2k
Aquifer testing, by 0. James Taylor-----=-==-==-----ommommmm e 26
Valley-fill alluvial aquifers-----=-====---c-mcmmmmco e oo 26
Aquifers of Uinta and Green River Formations=-=---==--=-=--=c-ccocoou--- 27

Mahogany zone of the Parachute Creek Member of the Green River Formation 29
Mathematical modeling of the ground-water fiow system, by 0. James Taylor---- 31

Ground-water quality, by R. L. Tobin and D. Briane Adams----------==-=--c---- 33
Regional quality--====-===-=ccmcmmmmm oo m oo e em e 33
Water-quality network----=---------mccocmm oo e 35

Springs, by Kimball E. Goddard-----=---==--c----cmcem e e mmmcm oo m e 37
Inventory and sampling----===-=-=-=-cmemmm e e m e m e e — e oo 37
Hydrologic monitoring=--=-=======--ccm-momo oo 38
Geochemical monitoring=---==-==-=-=-—c--ommom e ee Lo
Spring modeling----========---omme oo mme oo L1

Streamflow analysis, by R. S. Parker-----------=c-cc-mccmmmccmcmcc o 43
Water budget---===-=---=mmm e e e e e m e oo L3
Watershed modeling---==---=-=-----ccccomcoo- ettt 45
Flood-frequency analysis---------=---c----c-mmcmc e e 47

Surface-water quality, by K. J. Covay and R. 0. Hawkinson----=======-====-=--- L9
Dissolved constituents—===-=---===--— o= e e me o ceooeo—eoo oo L9
Suspended sediment and bedload transport-----=--==-=------e-—--ooco—o-o- 52

Aquatic biology==========-=-m-mmm e e m e s e s 55

-y
-
fa—



CONTENTS

White River basin quality assessment, by Daniel
Ambient stream-quality survey--------------
Effects of oil-shale development on stream
Reaeration, traveltime, and mean velocity
Wasteload-assimilative capacity analysis--1

Water quality and dissolved-solids concenttation

Organic-solute assessment~-====--=-=~---=~-4 P m s s e mem— s —mmmmmo——en

Emissions to the atmosphere, by John T. Turk---+

Atmospheric transport and deposition
Nature of susceptible water resources
Effects of atmospheric emissions on water
Spoil-pile geochemistry and hydrology, by K. G.

Class

ification of spoil piles

- - - e - " = e -

Impact of leachate on water quality

Hydrologic monitoring

_____________________

Oil-shale processing wastes, by J. A. Leenheer-t-------=-==----cco-—-como—o—-

Solid wastes
Liquid wastes
Gaseous wastes

Conclusion
References

Figure

12.
13.
14,

S

[LLUSTRATIONS

Map showing location of the Piceance
Map showing major drainage basins of
Stratigraphic column of Paleozoic an

uplift and Piceance basin

L e e e e e e e T T
- - -

basin, northwestern Colorado-
the Piceance basin
d Mesozoic rocks, White River

Generalized west-east geologic section of northwestern Colorado---

Map showing normal annual precipitat
Map showing approximate area of natu
Schematic diagram of ground-water fl
Diagrams showing:
8. Industrial water requirements
9. Ancillary water requirements
10. Proposed well patterns for ex
testing
Fluid temperature in test hol
R. 98 W., May 6, 1976------
Generalized correlation diagram of s
mathematical-model layers, Piceanc
Map showing location of principal na
the Piceance basin
Map showing possible regions for inv
on aquifer sources

11.

ion, 1931-60
ral recharge-==--=-====-=------
ow systems

for shale-oil production
for shale-oil production
ploratory drilling and aquifer

tratigraphic, oil-shale, and
e basin
hcolite and halite deposits in




Figure 15.
16.

17.
18.

19.

20-26.

27.
28.

29.

30.

Table 1.

CONTENTS

Schematic diagram showing vertical grid for model analysis of
flow system between major tributaries of Roan Creek------------
Schematic diagram depicting principal hydrologic flow components
in the stream-aquifer system---=--=-=-———---cc--—ceccccccnoao——-
Map showing location of streamflow-gaging stations---------------
Schematic diagram showing subdivision of drainage basin into five
hydrologic-response units==-===-------—---------—o——mo—o—oo——-
Diagram of a hypothetical flood-frequency curve showing the rela-
tion between the snowmelt flood frequency and the rainfall
flood frequency-=-========-=----—==-—---o—ee—em o ———— -
Maps showing:
20. Suspended-sediment sampling stations operated historically
and currently by the U.S. Geological Survey-------------
21. Biological sampling sites of the U.S. Geological Survey in
Piceance Creek drainage basin---------------------------
22. Water-quality sampling sites in White River basin, 1982---
23. Proposed sites for reconnaissance sampling of stream

24, Reaeration, traveltime, and mean velocity study reaches---
25. Proposed reaches for sampling the wasteload-assimilative
capacity of the White River-—----=---==c--cc-ccccc----
26. Potential reservoir sites within White River basin--------
Representative wind-rose diagrams for northwestern Colorado------
Map showing distribution of annual precipitation, northwestern
Colorado==-=-=====-==----ocmcmcc—cmmcscccc e mce e mmmmmm e s o mm s
Diagram showing relation between shale-oil production and
retorted-shale production from aboveground retorts-------------
Schematic diagram showing a modified in-situ retort--------------

TABLES

Stratigraphic column of Tertiary (Eocene) and Quaternary rocks,

Piceance basin--=---====-----c--c-ccmmcc e ccmm e e e e e e -

Industrial water requirements for shale-oil production 1 million

barrels per day or less———==---=-=--—-—-------omcc——eom——m e

Ancillary water requirements for shale-oil production 1 million

barrels per day or less======-==----c-c-—cmcoc—co-oco—cmocoommoam—

Chemical constituents for consideration in network to monitor

ground-water quality in the Piceance basin----------=-=----------

Chemical constituents for consideration in network to monitor

surface-water quality in the Piceance basin--------=--------------

L8

53

56
60

61
63

65
71
72

78
83

16
36
50



METRIC CONVERSIONS

Multiply inch-pound unit By

To obtain SI unit

acre-foot (acre-ft) 1.234x10"3 cubic hectometer

acre-foot per year (acre-ft/yr) 1.234x10"3 cubic hectometer per year

barrel (bbl) 1.59x10"1 cubic meter

barrel per day (bbl/d) 1.59x10"! cubic meter per day

barrel per year (bbl/yr) 1.59x10"1 cubic meter per year

cubic foot per second (ft3/s) 2.832x10-% cubic meter per second

foot (ft) 3.048x10-1 meter

foot squared (ft2) 9.29x10-2 meter squared

gallon per day (gal/d) 3.785x10"3 cubic meter per day

gallon per minute (gal/min) 3.785x10~ cubic meter per minute

gallon per ton (short) (gal/ton) L,17x10-2 cubic meter per megagram

inch (in.) 2.54 centimeter

pound per cubic foot (I1b/ft3) 16.02 kilogram per cubic meter

ton (short) per day (ton/d) 9.070x10"!} metric ton per day

ton (short) per year (ton/yr) 9.070x10~} metric ton per year
GLOSSARY

Aboveground retort.--A large vessel used to heat crushed oil shale and

cause the

decomposition of the contained kerogen into shale oil.

Aeid rain.--Precipitation
of sulfur and nitrogen to the atmosphere.

Anisotropy.--A condition in which properties di
measurement.

Aquifer.--A formation, group of formations, o
sufficient saturated permeable material to
water to wells and springs.

Aquifer test.--A field procedure
characteristics of an aquifer.
draulic or chemical response of the aquife
changes in stream stage, or tracers.

Artesian aquifer.--See confined aquifer.

of low pH that is attributed to emissions of the oxides

ffer according to the direction of

r part of a formation that contains
yield significant quantities of

used to determine the transmissive and storage
Commonly consists of measurement of

the hy-
r to a pumped well, injection well,

Bed material.--Sediment that makes up the streambed and moves only occasionally.

Bedload.--Material moving on or near the strear
ing actions induced by streamflow.

Benthic invertebrate.--An animal without a back
of an aquatic environment.

nbed by jumping, sliding, and roll-

bone that lives in or on the bottom

Biota.~--All the plant and animal populations living together in an environment.

Confined aquifer.--An aquifer containing ground

water that is enclosed under pres-

sure between relatively impermeable or significantly less permeable material,
and from which water will rise above the top of the aquifer if the aquifer is

penetrated by a well.
Contaminant.~--A chemical constituent that is
grades the quality of water.
Desorption.--Removal of sorbed constituents.

vi

present in a concentration that de-




Digital model.--See mathematical model.

Dissolved-solids concentration.--The dissolved constituents in water expressed as
the weight of constituents per unit volume of water, without regard to the
type of constituent.

Drawdown.--Lowering of the water table or potentiometric surface caused by the
extraction of ground water by pumping, by artesian flow from a well or bore
hole, or by a spring emerging from an aquifer.

Evapotranspiration.--Loss of water by evaporation from wet surfaces and by tran-
spiration through plants.

Butrophic.--Characterized by abundant nutrients that support plant and animal life
whose decay depletes shallow water of oxygen during the summer.

Frgeture.--A planar break in rock or sediment caused by mechanical failure in re-
sponse to stress.

Fresh shale.--See unretorted shale.

Gain-and-loss study.--A series of surface-water flow measurements in a reach of a
stream to determine increases or decreases in streamflow attributable to in-
terchanges between the stream and associated aquifer.

Gaining stream.--A stream or reach of a stream in which flow is being increased by
inflow of ground water.

Ground-water discharge.--Loss of water from a ground-water reservoir.

Ground-water divide.--The line or surface of separation between adjacent ground-
water flow systems, such that ground water on one side of the divide flows in
one direction, and ground water on the other side flows in another direction.

Ground-water recharge.--Addition of water to a ground-water reservoir.

Harmonic analysis.--A technique used to portray a seasonal cycle of some param-
eter, such as stream temperature. The technique often uses a first-order
harmonic function--for example, a sine function.

Hydraulic conductivity.--The rate at which water may be transmitted through a unit
area of an aquifer under a unit hydraulic gradient.

Hydraulic gradient.--Change in hydraulic head per unit length of flow path.

Hydrologic transport.--Movement of dissolved or suspended material by means of
solution or suspension in ground or surface water.

In-situ retort.--In deneral, an underground zone within the oil-shale deposits in
which the ore is blasted into small fragments. Hot fluids are injected into
the zone, or it is ignited in order to separate shale oil, vapors, and water
that are collected from a network of wells. The retorted shale remains in
place after burning is complete.

Kerogen.~-The solid bituminous mineraloid substance in oil shales that yields oil
when the shale undergoes destructive distillation.

Leachate.--A liquid that has percolated through a porous medium, such as an in-
situ retort or spoil pile of retorted shale, and has dissolved soluble con-
stituents.

Least-square regression.--A statistical procedure for finding the best-fitting
equation to relate a desired dependent variable to a set of independent vari-
ables.

Losing stream.--A stream or reach of a stream that is losing water to the ground-
water reservoir.

Mass balance.--An accounting of the amounts of the components of a process or
system, in order to derive information on the source, migration, or fate of
any component.

vii



Mathematical model.--0One or

more mathematical equations used to represent and to

simulate the response of a system to natural or man-induced conditions.

Modified in-situ retort.--In general, an underground zone within oil-shale

its in which part of the ore is mined and
fragments.

tained in the shale is ignited.
hydrogen gases, and water
retort.

011 shale.--A sedimentary rock that contains o
may be extracted as liquid oil and gas by

depos-

the remainder is blasted into small

Natural gas, air, and possibly steam are injected, as carbon con-
Products include oil vapor, condensed oil,
that are collected from a sump at the base of the
The retorted shale remains in place after burning is complete.

rganic material called kerogen, that
heating.

Oligotrophic.--A lake condition characterized by a lack of nutrients that can sup-

port
the low organic content.
Permeability.--A measure of
hydraulic gradient.
Potentiometric surface.--A
tightly

surface connecting

the ability of ;

cased wells receiving water frof

only sparse plant and animal 1life, and a high oxygen content because of

an aquifer to transmit water under a

points to which water would rise in
n given points in an aquifer. A map

of the potentiometric surface is useful to indicate direction of ground-water

movement.

Raw shale.--See unretorted shale.

Reaeration.--Physical absorption of oxygen
process by which a stream replaces oxyg
organic wastes.,

Retorted shale.--0il shale for which all or pa
to shale oil.

Room-and-pillar mining.--An underground mini
rooms that are separated by pillars. The
the pillars as mining proceeds. Sometim
is abandoned.

Saturated zone.--A subsurface zone in which al
water under pressure greater than that of

Simulation.--Technique used to imitate and
existing or proposed conditions. Common
system to proposed action. (See also Mat

Specific yield.--The volume of water that ca
rated rock or soil in relation to the bul

Spent shale.--See retorted shale.

Spoil pile.--The disposal area for mine waste

Storage coefficient.--The volume of water rele

storage in an aquifer, per unit surface
in head.
Stream-aquifer system.--A stream and adjacen

connected, so that interchanges of water
occur.

Stream depletion.--Reduction of streamflow in
withdrawals from wells that capture strea
would have discharged to the stream.

Substrate.--The physical surface upon which an

Surface runoff.--Overland flow or flow in rill

viii

from the atmosphere. The primary
en consumed in the biodegradation of

rt of the kerogen has been converted

ng method in which ore is mined in
roof of the mine 1is supported by
es the pillars are mined as the mine

1 of the interstices are filled with
the atmosphere.

study the behavior of a system under
ly used to predict the response of a
hematical Model.)

h be drained by gravity from a satu-
k volume of the rock or soil.

such as retorted shale.

ased from storage or taken into
area of the aquifer, per unit change
t aquifer that are hydraulically
between the stream and aquifer will

a stream-aquifer system due to
flow or intercept ground water that

organism lives.
s that results from precipitation.




Suspended sediment.--Material maintained in the main body of streamflow by upward
components of turbulence and kept in suspension for appreciable lengths of
time.

Taxon (taxa, plural).--Any classification category of organisms.

Taxonomy.--The division of biology concerned with the classification and naming of
organisms.

Time-trend analysis.--A statistical-analysis technique for studying the changes in
constituents over time.

Total load.--The sum of suspended load and bedload transmitted by a stream through
a cross section in an interval of time.

Transmigsivity.--The rate at which ground water may be transmitted through a cross
section of wunit width over the entire thickness of an aquifer, under stand-
ardized conditions. Equal to hydraulic conductivity multiplied by the thick-
ness of the aquifer.

Trophic relation.--Interaction of organisms with respect to each other and their
environment.

Unconfined aquifer.--An aquifer that has a water table and contains ground water
that is not confined under pressure by overlying impermeable or significantly
less permeable material.

Underflow.--Downstream movement of ground water in a valley-fill aquifer; also
used to describe water movement in an aquifer in general.

Unretorted oil shale.--0i1 shale that has been mined and crushed in preparation
for retorting.

Unsaturated zone.--A region of a porous medium that contains water in the gas
phase under atmospheric pressure, water temporarily or permanently under less
than atmospheric pressure, and air and other gases.

Wasteload-assimilative capacity.--A measure of the characteristic of natural water
to incorporate natural waste.

Waste management.--Plans and operational procedures designed to eliminate or re-
duce any harmful effects related to waste effluent.

Wastewater.--Ef fluent from municipal treatment plants, or water flowing from mine
workings, in-situ retorts, and retorted shale piles; water resulting from
process plants and extraction facilities.

Water management.--Plans and operational procedures designed to allocate water
supplies, reduce water shortages or surpluses, or achieve any specialized
goal in natural or manmade water systems.



HYDROLOG IC~ INFORMATION NEEDS FOR OIL-SHALE DEVELOPMENT,
NORTHWESTERN COLORADO

Compiled by 0. James Taylor

ABSTRACT

The Piceance basin of northwestern Colorado contains large reserves of oil
shale. Expected development of oil shale will affect the regional hydrologic sys-
tems because most oil-shale mines will require drainage; industrial requirements
for water may be large; and oil-shale mines, wastes, and retorts may affect the
quantity and quality of surface water and ground water. In addition, the oil-shale
industry may discharge particles and gases to the atmosphere that could alter the
quality of high-altitude lakes and surface-water reservoirs.

Hydrologic data need to be collected in order to plan for oil-shale develop-
ment and to estimate the effects of development. Test-well drilling and aquifer
testing are needed to provide a better understanding of the 1local and regional
flow system, to furnish additional data for a model that simulates mine drainage,
and to explore for water supplies in aquifers of Paleozoic and Mesozoic age.
Improved understanding of the hydrologic flow system also will result from addi-
tional studies of ground-water quality because major aquifers can be distinguished
by certain dissolved constituents, and the solution of evaporate minerals affects
water quality and permeability. Much of the ground water in the bedrock aquifers
discharges through springs, and a systematic study of the springs will help to
predict the effects of mine drainage on spring discharge and quality. Surface
runoff, dissolved and suspended loads in streams, and the aquatic environment in
streams would be highly susceptible to the disruptions in the land surface and
will require additional study in order to estimate the effects of development. A
water-quality assessment is proposed for the White River basin because it is a
possible source of water and a region likely to be affected by development. The
effects of emissions to the atmosphere from oil-shale plants require study because
these emissions may affect the quality of water in lakes downwind. Spoil piles of
retorted oil shale may be very large and require study to anticipate any problems
caused by leaching and erosion. Processing wastes resulting from in-situ retorts
and other waste materials need to be studied in greater detail in order to esti-
mate their impacts on the hydrologic system.



INTRODUCTION
By 0. James Tayla

Oil-shale development is likely in northwes
demands for energy supplies. Estimated reserves
imately 1.2 trillion bbl of oil from known oil-sh
of 15 gal/ton of rock (Federal Energy Administrat
scale oil-shale development on the hydrologic sys
entire region is of concern to local citizens, en
local management agencies. Consequently, advan
be developed by involving the mining, retorting,
environmental sciences. This report discusses the
related to oil-shale development.

Purpose

Hydrologic data have been collected and inte
Piceance basin. Major reconnaissance investigati
State agencies, universities, research laboratori
sultants. However, h?drologic information is i
cases, and is in scattered publications and files
date are not adequate for water-resource plan
study plan is needed for the basin, in order to g
to formuliate strategies for collection of additiag

The purpose of this report is to summarize ¢
the Piceance basin, to describe types of needed i
obtaining needed information, and to outline stan
also will provide guidance for comprehensive i
will be necessary for water-resource planning |
studies should provide hydrologic understandingd
water-resource and oil-shale development in the 1

Design of Hydrologic S

r

tern Colorado because of National
in the Piceance basin are approx-
ale deposits with a minimum grade
ion, 1974). The impact of large-
tem in the Piceance basin and the
vironmental groups, and State and
ced technological strategies must

geological, hydrological, and
needs for hydrologic information

rpreted for many vyears in the
ons have been made by Federal and
es, private companies, and con-
ncomplete, is proprietary in some
Hydrologic data gathered to
ning. A comprehensive hydrologic
rganize existing information and
nal data in an efficient manner.

.

xisting hydrologic information in
nformation, to suggest methods of
dards for collection. The report
ntegrated hydrologic studies that
n oil-shale development. These

that will benefit all aspects of
egion.

tudies

‘ The U.S. Geological Survey has a primary res

tity and quality of the Nation's water resources.
to provide the - understanding of complex, interact
which govern the occurrence of water and its
investigations can be conducted to determine the
land use plans on the hydrologic system. Three
design an -investigation which will provide pert
most efficient manner. These are:

1. Goal identification: A clear definition
gation is essential for success and will provide
in preliminary planning.

ponsibility to assess the quan-

Hydrologic studies are required
ive systems and the processes
quality. Specialized, technical
impact of proposed development or
specific guidelines are needed to
inent data and information in the

of the objectives of the investi-
direction for decisions required



2. Approach: The areal and technical content of the investigation needs to
be designated. Key elements to be considered in establishing the approach include
types of measurements or samples to be collected; the measurement or sampling fre-
quency as related to statistical design; and quality-assurance standards for unbi-
ased interpretation of the hydrologic system.

3. Site selection: Site selection is guided by project objectives and ap-
proach. Some elements pertinent to site selection include geologic and hydrologic
variations, prevailing weather patterns, land use, vegetation type, soil type, and
other basin physical characteristics.

The impacts of oil-shale development on the hydrologic system are related to
surface runoff, the present land use, soils, mineralogy, infiltration rates, and
ground-water flow patterns. After development begins, changes in hydrologic con-
ditions and mining must be monitored to permit assessment of the magnitude of any
changes. As oil-shale development increases, the U.S. Geological Survey will be
called upon to provide answers to the following questions:

1. Generally, what is the premining hydrology?

2. How do surface- and ground-water flow interact to produce existing hydro-
logic conditions?

3. What are current water-quality conditions in the basin in terms of dis-
solved-solids concentration, chemical-loading characteristics, suspended sediment,
and aquatic biology?

L, What are the water-quantity and water-quality changes caused by mining?

5. What are the regional changes in hydrology, water quality, and air qual-
ity associated with mining operations?

Using the above questions as primary study objectives, approaches can be developed

which will provide knowledge of current conditions and the hydrologic impacts of
oil-shale development.

Previous Hydrologic Investigations

Published results of investigations are too numerous to list so only major
reports are discussed in this section. Reports that describe the water resources
of the Upper Colorado River Basin include those by lorns and others (1965) and
Price and Arnow (1974). Other hydrologic reports-on the Piceance basin by the
U.S. Geological Survey include a reconnaissance investigation by Coffin and others
(1971); mathematical modeling of basin hydrology by Weeks and others (1974); an
evaluation of hillslope and channel erosion by Frickel, Shown, and Patton (1975);
results of test-hole drilling by Welder and Saulnier (1978); and solute transport
modeling by Robson and Saulnier (1980). The U.S. Department of the Interior (1974)
prepared a report on water supplies for energy in the Upper Colorado River Basin.



A regional analysis of water supply and demand fo
Colorado Department of Natural Resources (1979).
drologic information include environmental impact
analyses, detailed development plans for oil
reports, and industrial progress reports. Copies
logic reports for the Piceance basin may be ex
the U.S. Department of the Interior in Grand Junc

Location and Extent of the Pi

r the region was prepared by the

Other reports that describe hy-
statements, environmental impact
~shale mines, industrial summary
of most of the available hydro-
amined in the 0i] Shale Office of
tion, Colo.

ceance Basin

The Piceance structural basin is in northwestern Colorado in Rio Blanco,
Delta, Garfield, Gunnison, Pitkin, and Mesa Counties. The principal study area,
called '""Piceance basin'' in this report, is a part of the structural basin that

includes four major drainage basins, the Piceance
the north and the Roan Creek and Parachute Creek
pal study area is shown in figure 1. The major
taries are shown in figure 2. The Federal Protot
lie within the drainage basins of Yellow and
figure 2.

Geologic Setting of the Pic

Creek and Yellow Creek basins in
basins in the south. The princi-
drainage basins and their tribu-
Ype Lease Tracts C-a and C-b that
Piceance Creeks also are shown in

eance Basin

the Piceance basin
in age. Precambri

Rocks exposed in and near
from Precambrian to Quaternary
(fig. 3) crop out in the White River uplift immed
and dip steeply westward into the basin where t
in figure 4, The surficial features in figure 4 a
at the surface in the Piceance basin and along it
(Eocene) to Quaternary. This report is concerned
River and Uinta Formations and the Quaternary va
the principal aquifers of the area (table 1).

Hydrologic Setting of the Pi

in northwestern Colorado
an, Paleozoic, and Mesozoic
jately east of the Piceance
y occur at great depth, as shown
lso are shown in figure 2. Rocks
s edge range in age from Tertiary
primarily with the Eocene Green
lley-fill alluvium, which contain

range
rocks
basin

ceance Basin

Normal annual precipitation in the basin r
shown in figure 5 (Environmental Sciences Servic
precipitation is stored as snowpack in the highen
runoff from snowmelt is one of the main sources
accumulation provide recharge to the ground-water
Recharge water moves downward through a series @
any zone that consists of fractured oil shale and
water continues slowly downward through the Maha
ies of aquifers. In some places in the Piceance (
ground water discharges from the bedrock aquifersg

anges from about 12 to 20 in., as
es Administration, 1968). Winter
altitudes of the basin, and
of streamflow. Areas of snowpack
system, as shown in figure 6.
f upper aquifers above the Mahog-
sandstone. Part of the ground
gany zone and into the lower ser-
reek and Yellow Creek basins, the
into the wvalley-fill alluvium,




















































































































































































































































1. Determination of volumes of unrecovered retort water and shale
oil produced by in-situ oil-shale processing.

2. Study of migration of ground water into, and wastewater from,
the in-situ retorts.

3. Study of the attenuation of wastewater solutes by soil, retort-
ed shale, and unretorted shale.

L. Development of methodology for the rapid determination of
organic and inorganic solutes for use in monitoring programs.

5. Definition of organic solute composition of various wastewaters
in quantitative terms.

6. Study of the biological toxicity effects (especially ammonia
toxicity) of untreated wastewater introduced into surface water.

7. A study of the reducing properties of retort water (due to
reduced sulfur species) upon oxidized sediments and on dissolved oxygen

in surface water.

Gaseous Wastes

Oil-shale processing and shale-oil upgrading produces S0, H,S, CO, CO,, NO,,
NH3, volatile hydrocarbons, and particulate emissions (Crawford and others, 1977?.
The major impact of these gaseous and particulate wastes upon water resources is
upon atmospheric precipitation. Hydrologic-information needs on the effects of
gaseous and particulate wastes include:

1. Predevelopment assessment of the susceptibility of surface
waters to acid-rain impacts.

2. Assessment of the potential of gaseous emissions of various
retorting processes to form acid rain.

3. Monitoring the effects of oil-shale processing upon precipita-
tion chemistry and surface-water quality.

Atmospheric particulates are discussed in greater detail in the section entitled,
"Emissions to the Atmosphere.'

CONCLUSIONS

The Piceance basin of northwestern Colorado contains large reserves of oil
shale. Expected development of oil shale will affect the regional hydrologic sys-
tems because most oil-shale mines will require drainage; industrial requirements
for water may be large; and oil-shale mines, retorts, and waste may affect the
quantity and quality of surface water and ground water. In addition, oil-shale
industry may discharge particles and gases to the atmosphere that could alter the
quality of high-altitude lakes and future surface-water reservoirs.
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Additional ground-water information is ne
oil-shale mines, developing the water resources e
impact on the hydrologic system. Shallow test wel
fill alluvial aquifers along Yellow and Piceance
stem would improve understanding of the stream-
tant in predicting the effects of draining oil-sh
and coring program also is proposed for the oi
Green River Formations. These wells would provid
information and permit measurement of geophysical
wells also would be used for detailed aquifer tes
tion model studies. Geologic formations older t
also contain large volumes of water. Before deci
development of surface-water supplies, all of the
defined or considered. These deep formations may
tive water supply but may be possible repositorie
the mining.

Ground-water networks for water-quality moni
to evaluate the effects of mine drainage, reinj
material, leaching from in-situ retorts, and disp
springs would provide sampling sites for the ne
need to be designed to detect changes in the aqui
tions, have dissolved-solids concentrations that
but may range from 400 to 40,000 mg/L.

An inventory and sampling program is needed
For sampling purposes, the springs could be sub
graphic, geologic, or hydrologic characteristics.
and geochemical sampling program would provide
ture, specific conductance, pH, alkalinity, and t

Streams, as well as springs, are used for wa
and streamflow requires further study. Histd
gages can be interpreted correctly only " through
stream valleys, gain-and-loss studies in sel
preparation of calibrated watershed models. A re
also is needed, especially because of the propd
stream valleys.

Networks are needed to monitor the water qua
conditions and to determine

development-related

eded for planning the drainage of
fficiently, and minimizing the
Is and aquifer testing of valley-
Creeks and the White River main
aquifer relations that are impor-
ale mines. An extensive drilling
l1-shale aquifers of the Uinta and

e stratigraphic and hydrologic
and geochemical properties. The
ting that is needed for simula-

han the Green River Formation may
sions are made to undertake the
ground-water resources should be
constitute not only an alterna-
s for wastewater injection during

toring are needed to detect and
ected water, backfilling of mined
osal of retorted shale. Wells and
twork. The ground-water networks
fers that, under premining condi-
are normally less than 2,000 mg/L

to provide more data on springs.
divided into groups based on geo-

A systematic hydrologic study
data on discharge, water tempera-
race elements.

ter supply in the Piceance basin,
rical data from the 33 streamflow
water-budget studies in major
ected reaches of streams, and the
gional flood-frequency analysis
sed disposal of retorted shale in

streams under natural
Sampling goals, the

lity of
changes.

geologic setting, and hydrologic conditions determine the sampling-network design.

Data on chemical constituents determined
lyzed to determine which constituents indicate mi
models and
needed to provide prediction techniques.

Suspended loads in streams probably will be

changes, including dam construction, changes
disposal, removal of vegetation, changes in
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Additional sediment stations are needed to quantify the effects of development on
suspended-sediment concentrations and stream discharge, as well as on bedload and
type of bed material.

Limited data describing aquatic biology indicate that benthic invertebrates
are useful indicators of water quality in streams of the region. Calculated indi-
ces show that biologic communities and stream-quality conditions are variable and
that a small number of biologic samples does not represent stream quality accu-
rately. Therefore, an expanded comprehensive biologic network is needed to detect
expected changes related to the potential increase of toxic substances, sediment,
and thermal poliution.

An assessment of water quality and quantity is proposed for the White River
basin because of its location adjacent to the active oil-shale development on pro-
totype lease tracts C-a and C-b and other planned sites. Ambient stream quality
needs to be assessed and the resulting information used to design a data-collec-
tion program. Effects of oil-shale and other industrial development need to be
measured using data describing the flow, dissolved-solids concentration, and tem-
perature of streams. Organic wasteloading from municipal or industrial effluents
needs to be studied initially by measurement of reaeration, traveltime, and mean
velocity in selected reaches. Effects of municipal population increases on stream
quality could be appraised further by determination and evaluation of the waste-
load-assimilative capacity of selected downstream reaches by the use of a steady-
state water-quality model. Regional effects of water-use development could be
analyzed by means of reservoir-model studies of flow volumes and dissolved-soiids
concentration.

Atmospheric emissions from an oil-shale industry may contain potentially
harmful amounts of the oxides of sulfur and nitrogen. These elements may cause
acid rain that in turn is suspected to be a cause of corrosion problems and the
destruction of fisheries. An accurate prediction of the hazard would require
knowiedge of future retort emissions, transport and deposition characteristics,
and the geochemical and biological susceptibility of hydrologic systems. An inten-
sive investigation of these phenomena would permit identification of the dominant
controlling processes and probable environmental effects. Data from the study
could be used to determine logically the emission limits for oil shale, coal, and
other cumulative sources to prevent environmental degradation and to minimize
emission-control costs.

Large quantities of retorted shale would be produced by a large oil-shale in-
dustry. Disposal of these wastes from retorts in spoil piles may allow precipita-
tion to leach toxic materials that could reach hazardous levels. Unretorted shale
stockpiles also may yield leachate of poor quality. Leachates may be transported
in surface runoff or in recharge into shallow and deep aquifers. Site-specific
studies are needed of spoil piles and nearby hydrologic regimes. These studies
would include the physical, chemical, mineralogic, microbiologic, and hydrologic
characteristics of the spoil pile and its surroundings. Other important factors
for consideration in the studies include the impacts of extreme hydrologic events,
changes in the characteristics of spoil piles over time, and the expected duration
of releases of toxic leachates.
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In-situ retorts produce solid, liquid, and g
wastes consist of retorted or unretorted shale.
shale are needed to assess the physical, chemica
ties of hot and cooling underground retorts. The
taneous-combustion characteristics of unretort
Liquid wastes include wastewater and unrecoveref
expected to contain toxic concentrations of orga
Studies of expected volumes, migration, reac
retort wastewater are needed.
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